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Introduction
Chronic musculoskeletal diseases are the most common cause of severe long-term pain and physical disability [1] . Patellar tendinopathy (a degeneration of the tendon enthesis caused by a repetitive and/or chronic overloading that exceeds the adaptive capacity of the tendon) and Achilles tendinopathy (a degenerative tendinous disorder that commonly involves the hypovascular area located from 2 to 6 cm above the calcaneal insertion) are commonly considered the result of multiple micro-tears that do not heal because of poor tendon vascularity [2, 3] . Histological features in the early stages of the disease are focal areas of asymptomatic intratendineous damage without signs of inflammation [4, 5] . Histological appearance of degenerative damage begins and progresses long before onset of symptoms. This delay causes late therapeutic approaches to be less successful [6, 7] . Patellar tendinopathy, in which degeneration is located at the proximal enthesis, is also known as jumper's knee. This disease mostly affects young athletes and is associated with running, jumping, soccer, and volleyball [5] . Prevalence has been estimated to approx. 40%e50% among professional volleyball players and 35%e40% among basketball players. Some intrinsic factors (e.g. gender, age and overweight) and extrinsic factors (e.g. functional overload and training errors) play an important role in the development of chronic tendinopathy [5e9] .
Achilles tendinopathy is a common condition in the adult population. In 59% of patients it is related to sports activities, and 53% of them are runners [10, 11] . At present, patients affected by jumper's knee and Achilles tendinopathy are primarily treated with rest, ice packs, physical therapy, non-steroidal anti-inflammatory drugs (NSAIDs) and steroid injections, although there is no evidence of the effectiveness of these therapies [10e13] .
New theories of tendon regeneration have been focused on the role of platelets and the development of different therapeutic strategies in the treatment of chronic tendinopathy [14] . Platelets are involved in the mechanism of thrombus formation and participate in the healing process by removing necrotic tissues and stimulating regeneration and healing of the tissues [15, 16] . Platelet-rich plasma (PRP) with a high concentration of platelets has been used in cardiac, maxillofacial, plastic, neuro, and orthopedic surgery [17e19]. More recently, PRP injections have been used to treat muscle, tendon, and cartilage injuries [20, 21] .
In this preliminary study, we evaluated the effectiveness of ultrasound (US)-guided intratendineous administration of PRP to treat jumper's knee and Achilles tendinopathy in a population of young athletes.
Materials and methods

Patients
Institutional Review Board approval and patients' informed consent were obtained.
A total of 28 patellar tendons in 24 patients (14 men, 10 women) and 30 Achilles tendons in 24 patients (16 men, 8 women) were prospectively evaluated. Patients affected by patellar tendinopathy (group 1) were aged between 21 and 56 years (mean age 37.4 years), while the age of patients affected by Achilles tendinopathy (group 2) ranged from 20 to 61 years (mean age 38.6 years). All patients practiced sports at the competitive or amateur level.
The inclusion criteria for the study were the presence of patellar or Achilles tendinopathy, pain at palpation and during physical activity for at least three months and US or magnetic resonance imaging (MRI) evidence of tendon degeneration.
All patients had previously undergone other treatments (NSAIDs, laser therapy, US, shock waves, local administration of corticosteroids) with unsatisfactory outcome.
Exclusion criteria were systemic disease (diabetes, rheumatoid arthritis, coagulopathy, severe cardiovascular disease, infection, immunosuppression), antiplatelet therapy in progress, intake of NSAIDs less than 5 days before the procedure, hemoglobin <11 g/dl and platelets <150.000/mmc.
Pre-treatment clinical and US evaluation
Pre-treatment clinical evaluation was performed using the Victoria Institute of Sport Assessment questionnaire for knee (VISA-P) and for the Achilles tendon (VISA-A) [22, 23] adapted to the Italian language [24, 25] . The VISA-P and VISA-A questionnaires consist of 8 questions, of which 6 deal with pain experienced during a range of everyday activities and 2 questions deal with the ability to perform sports activities. Separate scales are used [22e25] and high scores indicate a low level of pain or impairment. The maximum VISA-P and VISA-A score for an asymptomatic subject who regularly exercises is 100 points and the theoretical minimum is 0 points.
US examination was performed using US equipment (MyLab 70 XvG, Esaote, Italy) and a high-resolution linear transducer (13-6 MHz). For each patient the following parameters were recorded: patellar or Achilles tendon thickness, presence/absence of hypoechoic areas and vascularity on power Doppler according to a semiquantitative scale (0 Z absent; 1 Z few spots; 2 Z moderate; 3 Z intense).
Percutaneous US-guided PRP injection
In all patients, after thorough disinfection of the skin and subcutaneous administration of local anesthesia (4 ml of 2% mepivacaine), US-guided scarification of the degenerated region of the tendon was performed using a 21G needle in order to produce a small amount of bleeding.
Afterward, using the same needle, 6 ml of autologous PRP prepared from a previously collected sample (110 ml of venous blood collected from the patient a few hours before the procedure was centrifuged and activated in the laboratory) were injected into the degenerated region of the tendon under US-guidance Fig. 1 .
In both patellar and Achilles tendons, 2 treatments were performed at a mean distance of 3 AE 0.52 weeks (mean-AE standard deviation). Fig. 2 shows images of a pre-and post-treatment patellar tendon.
Patients were asked to minimize physical activity for 48 h after treatment and to avoid maximum efforts during the following two weeks. After that, physiokinesitherapy was recommended associated with a gradual return to sports activities. Patients were also told to avoid drug therapies with particular reference to corticosteroids and NSAIDs.
Follow-up
Pain occurring between the first and second PRP administration was assessed using a visual analogue scale (VAS). In all patients, clinical evaluation was performed using VISA-P or VISA-A questionnaires. US evaluation included patellar or Achilles tendon thickness, presence/absence of hypoechoic areas and vascularity on power Doppler 20 days and 6 months after the second PRP administration. At the 6-month follow-up, patients were also asked about their overall satisfaction with the treatment using a semiquantitative scale (poor, good, excellent).
Statistical analysis
VISA-P and VISA-A scores, patellar and Achilles tendon thickness at baseline and at different time points (20 days and 6 months) were compared using the Wilcoxon test. Presence/absence of hypoechoic areas at US examination at different time points compared to baseline was assessed using the Chi-square test. Vascularity on power Doppler at different time points was assessed using the two-way ANOVA test with post-hoc analysis. A P-value less than 0.05 was considered as significant. The Bonferroni correction was applied when needed.
Results
No peri-and post-procedural complications were observed.
Patellar tendinopathy
Patients experienced moderate post-procedural pain in 27/ 28 tendons (96%) which lasted for 3 AE 2 days after PRP administration (mean VAS Z 4.8); they were treated with local application of ice packs. One patient experienced intense pain over one treated tendon (1/28; 4%) from the day following the treatment (VAS Z 8) and the pain lasted for about 2 weeks. Twenty-day follow-up was performed in all patients but 6-month follow-up was performed in 18 patients only (20 tendons) . In all treated cases, there was a gradual return to sports activities in an average period of 6 weeks from the second PRP administration.
Regarding the VISA-P score, a minimal(non-significant) improvement compared to baseline was observed at the first follow-up (20 days) and a significant improvement at the second follow-up (6 months). The 20-day follow-up revealed a non-significant reduction in the number of tendons with focal hypoechoic areas; at the 6-month follow-up this reduction was statistically significant. Tendon thickness was not significantly reduced at the 20-day follow-up compared to baseline, but it was significantly reduced after 6 months. Intratendinous vascularity was significantly increased both at the 20-day and 6-month follow-up compared to baseline. Detailed data are reported in Table 1 and graphically represented in Fig. 3 . Overall results related to all tendons are reported in Table 3 .
Achilles tendinopathy
Patients experienced moderate post-procedural pain in 28/ 30 tendons (93%) which lasted for 4 AE 2 days after PRP administration (mean VAS Z 5.1); they were treated with local application of ice packs. Two patients experienced intense pain over two of these tendons (2/30; 7%) from the day following the treatment (VAS Z 8.6) and the pain lasted for about 2 weeks.
Twenty-day follow-up was performed in all patients but 6-month follow-up was performed in 19 patients only (23 tendons). As regards the VISA-A score, minimal (non-significant) improvement compared to baseline was observed at the 20-day follow-up and a significant improvement at the 6-month follow-up. The 20-day followup revealed a non-significant reduction in the number of patients presenting focal hypoechoic areas; this reduction was statistically significant at the 6-month follow-up. Tendon thickness was not significantly reduced at the 20-day follow-up compared to baseline; at the 6-month followup this reduction was statistically significant. Intratendinous vascularity was significantly increased both at the 20-day and 6-month follow-up compared to baseline. Detailed data are reported in Table 2 and graphically represented in Fig. 3 .
Overall results related to all tendons are reported in Table 3 .
At the 6-month follow-up, overall satisfaction was rated by patients in whom patellar tendon was treated as positive in 20 tendons (71%; excellent Z 8/28 tendons; good Z 12/ 28 tendons) and poor in 8 tendons (29%).
At the 6-month follow-up, overall satisfaction was rated by patients in whom Achilles tendon was treated as positive in 21 tendons (70%; excellent Z 10/30 tendons; good Z 11/ 30 tendons) and poor in 9 tendons (30%).
Overall satisfaction at the 6-month follow-up was rated by patients of both groups as positive in 41 tendons (70%; excellent Z 18/58 tendons; good Z 23/58) and poor in 17 tendons (30%).
Discussion
Patellar tendinopathy and Achilles tendinopathy are common conditions in elite and amateur athletes as a result of overuse during sports activity. In both cases, repetitive overloading of the tendon stimulates the local release of cytokines resulting in an impaired reparative process [26e28].
Several treating options are available for these conditions [4, 29] . Physiotherapy and steroid injections have proved to have no long-term efficacy [30, 31] . Shock waves may be effective but are painful when performed in acute conditions [32] , while surgical debridement is effective but expensive and invasive [33, 34] . Recently, autologous growth factors have been proposed to treat different pathologic conditions [14] with the aim of promoting and supporting the biological reparative response of tissues to obtain complete regeneration.
The therapeutic effect of PRP has been proposed on the basis of the knowledge of the effects of platelet-derived growth factors in the stages of reparative cascade [35e38]. In vitro studies have shown that PRP may increase proteincoding gene expression of the extracellular matrix, collagen production and tenocyte proliferation [39e41]. Tendon tissue is known to heal slower than connective tissues because of a poor intrinsic vascularization [42] . No inflammatory response is observed in histological samples taken from chronic tendon injuries, but rather an abnormal response to fibroblast and vascular degeneration, known as angiofibroblastic hyperplasia [43] . Based on these data, new therapeutic strategies have been proposed. These strategies aim at stimulating inflammation rather than suppressing it, by trying to modify the poor intrinsic reparative capacity of the tendons.
Some studies of PRP administration in tendinopathy have demonstrated the validity of such a therapeutic option in cases which were unresponsive to conservative therapy alone [36, 38] . However, other studies of large series have reported that PRP treatment of tendinopathy is no more effective than placebo [44, 45] . Thus, this issue remains challenging and requires further studies to clearly define the effectiveness of PRP therapy.
In the present study, the 6-month follow-up showed that US-guided PRP injection combined with dry needling improved symptoms and tendon structure. The significantly improved VISA scores at the 6-month follow-up were consistent with results previously obtained by other authors [38, 39, 46] . Also, the fact that tendon thickness and hypoechoic areas were reduced may be a sign of tendon regeneration, as collagen fibers were more closely packed like in normal tendons. Finally, the increased power Doppler signal, both at the 20-day and 6-month follow-up, is a sign of an induced vascular response needed to improve tendon regeneration. The absence of peri-and post-procedural complications proves the safety of PRP injection. The 3 cases of severe postprocedure pain may be due to stimulation of the body's natural inflammatory response.
As previously described by other authors [47e50], a therapy proposed for treating tendinopathy of the patellar and Achilles tendon is effective only if sports activity is suspended for a period and the therapy is followed by eccentric rehabilitation and a subsequent gradual return to sports activity. PRP treatment of jumper's knee and Achilles tendinopathy should therefore not be performed if the patient is scheduled for demanding physical activity in the near future. All patients treated in connection with the present study were told to return gradually to sports activity over an average period of 6 weeks from the second PRP administration.
The main limitation of the present study is the lack of a control group. This is particularly important, as it is not clear whether the effectiveness of the treatment is a result of PRP administration or of the concurrent performance of dry needling. However, this preliminary study was mainly focused on testing the feasibility of the PRP procedure in the authors' clinical setting. The sample is furthermore inhomogeneous as both patellar and Achilles tendons were treated.
Conclusions
The present study shows that US-guided treatment of jumper's knee and Achilles tendinopathy using PRP is feasible as it is an effective and minimally invasive treatment option. Further randomized controlled studies performed on a larger sample size are warranted to confirm these preliminary results.
